Abstract. Septicaemia, a systemic bacterial infection, frequently leads to morbidity and mortality in children. The NOD-like receptor (NLR) family, CARD domain containing 4 (NLRC4) is involved in the control of infections. The aim of the present study was to detect the expression of NLRC4 in the blood samples of children with septicaemia, in addition to investigating the importance of NLRC4 in cytokine production, and the signaling pathways that regulate NLRC4 expression in lipopolysaccharide (LPS)-stimulated macrophages. It was determined that when compared with the control, the mRNA and protein expression levels of NLRC4 were significantly increased in the blood samples of children with septicaemia, as demonstrated by the reverse transcription-quantitative polymerase chain reaction and western blot analysis. The results from the western blotting indicated that treatment with LPS induced NLRC4 expression in a time-and dose-dependent manner in RAW264.7 cells. A knockdown of NLRC4 by siRNA transfection enhanced the effect of LPS on interleukin (IL)-1β and IL-18 production, as determined by enzyme-linked immunosorbent assay. Inhibitors of extracellular regulated protein kinases, c-Jun N-terminal kinases and p38 were used in the present study to block the mitogen-activated protein kinase (MAPK) signaling pathway, and it was determined that LPS-induced NLRC4 expression was reversed by the suppression of the MAPK signaling pathway. To the best of our knowledge, this is the first report regarding the expression of NLRC4 in children with septicaemia. Furthermore, a novel molecular mechanism for NLRC4 regulation in LPS-induced RAW264.7 macrophage cells has been elucidated. The data in the present study supports the hypothesis that LPS activates the MAPK pathway in macrophages, thus resulting in the upregulation of NLRC4; however, NLRC4 inhibits IL-1β and IL-18 production, contributing to the anti-inflammatory response.
Introduction
Septicaemia is a systemic bacterial infection resulting from the spread of microorganisms and their toxins in the blood (1) . Although modern medical technology has improved greatly in recent years, septicaemia often leads to morbidity and mortality in children in developing countries (2) . Therefore, it is necessary to explore the risk factors, which influence the prognosis of children with septicaemia.
N O D -l i k e r e c e p t o r ( N L R) f a m i l y, C A R D domain-containing protein 4 (NLRC4) was initially described in 2001, and demonstrated to detect cytosolic flagellin (3) (4) (5) . NLRC4 is a key component of the inflammasome response to a variety of microbial stimuli and endogenous danger signals via caspase-1 activation, cytokine production and macrophage pyroptosis (6) (7) (8) (9) . NLRC4 is involved in the control of infections. A number of bacteria have been demonstrated to prompt caspase-1 activation and the inflammatory cytokines interleukin (IL)-1β and IL-18 maturation via the activation of NLRC4 (7, (10) (11) (12) (13) . However, the molecular mechanisms underlying the importance of NLRC4 in the immune response of macrophages have not been thoroughly investigated.
The present study detected the expression of NLRC4 for, to the best of our knowledge, the first time in the blood samples of children with septicaemia. Furthermore, an in vitro investigation was performed on lipopolysaccharide (LPS)-stimulated RAW264.7 macrophage cells in order to investigate the effect of NLRC4 in cytokine production and the signaling pathways that regulate NLRC4 expression.
Materials and methods
Sample collection. The Ethics Committee of Soochow University Affiliated Children's Hospital (Suzhou, China) approved the protocols for the present study. A total of 42 children aged between 1-6 years with confirmed bacterial septicaemia diagnosis were recruited in the current study. A total of 40 healthy children (age, 1-6 years), who underwent 
Enzyme-linked immunosorbent assay (ELISA).
Cytokine levels in the culture media of RAW264.7 cells were determined using an ELISA assay. Mouse IL-1β/IL-1F2 Quantikine ELISA kit and Mouse IL-18/IL-1F4 ELISA kit were purchased from R&D Systems, Inc. (Minneapolis, MN, USA). Briefly, the samples to be measured or ELISA standards were pipetted into the wells of the plate and incubated at room temperature for 2 h. Following washing, mouse IL-1β conjugate or mouse IL-18 conjugate was added to each well and incubated at room temperature for another 2 h. Following washing, a substrate solution was added to each well, and the reaction was terminated by the addition of the stop solution from the kit. The optical density was measured at a wavelength of 450 nm using an AMR-100 microplate reader (Hangzhou Allsheng Instruments Co., Ltd., Hangzhou, China).
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.) was used for the extraction of RNA from the blood serum. The RNA was purified using the Transcript RNA CleanUp kit (Takara Biotechnology Co., Ltd., Dalian, China) and DNase I (Beyotime Institute of Biotechnology, Haimen, China) was used to cleave DNA. Reverse transcription-quantitative PCR was performed using One
Step SYBR PrimeScript RT-PCR kit II (Takara Biotechnology Co, Ltd.) according to the manufacturer's protocol. Primer sequences were as follows: forward, 5'-AGC TCA AAG GTT CAA GCC AA-3' and reverse, 5'-TGC GAG GTG CTT CAT AAC AG-3' for NLRC4; and forward, 5'-GTC AGT GGT GGA CCT GAC CT-3' and reverse, 5'-GGG TCT TAC TCC TTG GAG GC-3' for GAPDH. PCR was performed on a ABI 7500 Fast Real Time PCR system (Applied Biosystems; Thermo Fisher Scientific, Inc.). The RT reaction was performed at 42˚C for 5 min. The PCR reaction conditions were: 95˚C for 10 min; followed by 40 cycles of 95˚C for 30 sec, 60˚C for 30 sec; and 72˚C for 20 sec. GAPDH served as an internal standard. The PCR was conducted at least three times and quantified using the 2 -∆∆Cq method (14) Western blotting. Total protein was extracted from the serum and the cells using radioimmunoprecipitation assay buffer (Beyotime Institute of Biotechnology). The protein concentration was determined using the Bradford protein assay kit from Bio-Rad Laboratories, Inc. (Hercules, CA, USA). The samples (50 µg) were resolved on 10% SDS-PAGE at 200 V for 80 min, and the proteins were transferred onto a polyvinylidene difluoride membranes (Bio-Rad Laboratories) by electroblotting. Following blocking with 5% non-fat milk, the membranes were further incubated with the primary antibodies, including rabbit polyclonal anti-NLRC4 (1:800; cat. no. ab189593, Abcam, Cambridge, MA, USA), rabbit monoclonal anti-phospho-extracellular regulated protein ) and rabbit polyclonal anti-GAPDH (1:2,000; cat. no. bs-2188R; BIOSS, Beijing, China). The membranes were then washed with Tris-buffered saline containing 0.05% Tween 20 (Sinopharm Chemical Reagent Co., Ltd., Shanghai, China) three times prior to incubation with the goat anti-rabbit IgG horseradish peroxidase-conjugated secondary antibody (1:2,000; cat. no. bs-0295G; BIOSS). GAPDH served as a loading control. ECL Plus chemiluminescence detection kit from GE Healthcare Life Sciences (Chalfont, UK) was used for protein detection. The band intensity was quantified using Image J (imagej.nih.gov/ij/) and the experiments were independently performed three times.
Statistical analysis. All data are expressed as the mean ± standard deviation and were analyzed using a Student's t-test for the comparison of two groups or analysis of variance followed by least significant difference test for comparison of multiple groups. The statistical analysis was conducted with SPSS, version 19.0 (IBM SPSS, Armonk, NY, USA). P<0.05 was considered to indicate a statistically significant difference. NLRC4 in blood serum were determined. The results from the RT-qPCR indicated that NLRC4 mRNA expression levels were significantly increased in the septicaemia group compared with the control group (P<0.01; Fig. 1A) . Consistently, the expression levels of NLRC4 protein were significantly upregulated in the blood serum of children with septicaemia (P<0.05; Fig. 1B) .
Results

NLRC4 expression increased in the blood
LPS-induced NLRC4 expression in RAW264.7 cells.
RAW264.7 cells were treated with various concentrations of LPS for 24 h, and then collected to investigate the effect of LPS on NLRC4 expression. As presented in Fig. 2A , LPS at the concentrations of 100, 500 and 1,000 ng/ml significantly increased the expression of NLRC4 and reaching a peak value at 1,000 ng/ml (P<0.01). RAW264.7 cells were treated with 500 ng/ml LPS for 6, 12, 24 and 36 h, respectively, it was determined that NLRC4 expression levels were significantly increased with prolonged cell incubation ( Fig. 2B; P<0 .05 for 12 h, P<0.01 for 24 and 36 h).
NLRC4 knockdown enhances LPS-induced cytokine production.
To determine the importance of NLRC4 in mediating the effect of LPS on cytokine production, RAW264.7 cells were transfected with the NLRC4 siRNA and incubated with 500 ng/ml LPS for 24 h. As indicated in Fig. 3A, NLRC4 expression was significantly decreased in the cells following transfection with NLRC4 siRNA (P<0.01).
Notably, IL-1β and IL-18 production was significantly induced in Raw264.7 cells incubated with LPS (P<0.01). Furthermore, it was determined that this effect was enhanced by the transfection of NLRC4 siRNA (Fig. 3B and C) . 
D C B A
Mitogen activated protein kinases (MAPKs) mediated the effect of LPS on NLRC4 expression. To determine whether MAPKs were involved in the effect of LPS on NLRC4 expression, ERK inhibitor U0126, JNKs inhibitor SP600125, and p38 inhibitor SB203580 were added to treat RAW264.7 cells. As demonstrated in Fig. 4 , MAPK signaling was activated in RAW264.7 cells under LPS treatment, as demonstrated by the increased expression of phosphorylated (p)-ERKs, p-JNKs and p-p38. However, MAPK signaling was inhibited in RAW264.7 cells following treatment with inhibitors. Furthermore, LPS-induced NLRC4 expression was attenuated by the treatment of MAPK inhibitors (all P<0.01; Fig. 5 ).
Discussion
The present study, to the best of our knowledge, is the first to report that the expression of NLRC4 was significantly upregulated in the blood serum of children with septicaemia. This finding suggested that NLRC4 may exert an important function in infectious diseases. In vitro experiments were performed to investigate the importance of NLRC4 in the immune responses of macrophages, and the associated molecular mechanisms.
Bacteria, particularly Gram-negative bacteria, are the predominant causes of infection (15) . LPS is the representative endotoxin on the outer membrane of Gram-negative bacteria (16) . It has been established that LPS activates the inflammatory response and innate immune system in infection, and induces overproduction of pro-inflammatory cytokines (17) .
In the present study, LPS-stimulated RAW264.7 cells were used to investigate the effect of NLRC4 on the production of IL-1β and IL-18. They are cytokines produced by macrophages and other cells under various stimuli. They are important mediators of the inflammatory response (18) (19) (20) (21) . In a previous study by Ceballos-Olvera et al (22), it was reported that NLRC4 -/-mice produced IL-1β and IL-18 in higher quantities than wild type mice. By contrast, DeSantis et al (23) reported that IL-18 was reduced in NLRC4 -/-mice. Consistent with the reports by Ceballos-Olvera et al (22), the current study determined that knockdown of NLRC4 enhanced the effect of LPS on IL-1β and IL-18 production. This may indicate that NLRC4 suppresses LPS-induced overproduction of inflammatory cytokines.
The MAPK signaling pathway is involved in a variety of physiological processes, including cellular growth, development, differentiation, stress and cell death (24) (25) (26) . In addition, MAPKs are also associated with numerous innate immune responses (27) (28) (29) . LPS may activate the MAPK signaling pathway and downstream transcription factors may be induced to regulate the release of large quantities of pro-inflammatory cytokines (30) . The present study initially reported that LPS induces NLRC4 expression in a time-and dose-dependent manner. As MAPKs are important in inflammatory and immune responses, it was further investigated whether LPS regulates the expression of NLRC4 via the MAPK signaling pathway. ERK, JNK, and the p38 MAPK are three widely studied conventional MAPK signaling pathways and inhibitors of ERK, JNK and p38 were used in the present study to block the MAPK signaling pathway.
The results demonstrated that LPS-induced NLRC4 expression was reversed by the suppression of the MAPK signaling pathway.
These data support the hypothesis that LPS activates the MAPK signaling pathway in macrophages, thus resulting in the upregulation of NLRC4. However, NLRC4 inhibits IL-1β and IL-18 production, contributing to the anti-inflammatory response. To the best of our knowledge, the present study is the first to investigate the expression of NLRC4 in children with septicaemia. Furthermore, a novel molecular mechanism for NLRC4 regulation in LPS-induced RAW264.7 cells was elucidated. NLRC4 requires further investigation as a potential therapeutic strategy against infectious diseases.
